This PDF file includes:
Materials characterization Photoresponse spectra as the function of applied bias and incident intensity Estimation of the temperature rise THz response characterization Ultrabroadband photoresponsivity operating at quasi-linear photoresponse conditions Noise characteristics of 1T-TaS 2 devices Temporal response of the device after the femtosecond pulse excitations Fig. S1 . Energy dispersive spectrum analysis of the 1T-TaS 2 as-grown crystals. Fig. S2 . In-plane IR spectra of the 1T-TaS 2 measured at 300 and 78 K. at various wavelengths in our measurement range for a sample with the dimension ~ 780 μm × 23 μm × 6 μm. Fig. S6 . THz response characterizations at λ = 118.8 μm. Fig. S7 . Ultrabroadband photosensitivity operating at quasi-linear photoresponse conditions. Fig. S8 . Noise current analysis for the 1T-TaS 2 device at external bias 0.71 V. Fig. S9 . Temporal response of the device after the 150-fs pulse excitations. Table S1 . Parameters for 1T-TaS 2 , graphene, and topological insulator-based photodetectors. Materials characterization EDS analysis: The energy dispersive spectrum (EDS) analysis of the as-grown 1T-TaS 2 is shown in figure S1 .
Infrared spectral analysis:
The infrared spectra were measured on freshly cleaved 1T-TaS2 bulk plates using near-normal incident reflectance method by a Bruker 113 spectrometer in the 30 to 360 cm-1 frequency range. An in-situ overcoating technique was employed for reflectance measurements (30). We investigate typically the infrared activated phonons of 1T-TaS 2 at temperatures of 300K and 78K. At 300K, the spectra of the modes are heavily suppressed by free electron excitations. As cooling to 78K, the electrons get mostly localized and the modes are clearly observed at 54, 69 79, 99, 104, 107, 120, 207, 241, 257, 261, 287, 292, 306 
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Photoresponse spectra as the function of applied bias and incident intensity
The DC current were measured using a Keithley 2602B sourcemeters. Illumination sources were provided by various continuous-wave lasers as referred to the solid-state lasers (λ = 532 nm, 635 nm, 1064 nm,1550 nm), a mir-infrared source (10 μm, CO 2 laser), and a far-infrared gas laser (FIRL 100, Edinburgh Instruments Ltd.) serving as the THz illumination sources (λ = 163 μm, 118.8 μm, 96.5 μm). The incident power of the laser beam was monitored by calibrated power meters. The continuous-wave lasers combining with a shutter were provided for the measurement of current switching effect. 
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Estimation of the temperature rise
After a constant light incident, the steady state value of temperature rise ∆T can be estimated using Fourier's law of heat conduction.
Where the P is the heat flux per unit time, k is the material's conductivity, A the contact area for each fluid side, d the heat transfer length, and ∆T is the temperature gradient between object and environment. For 1T-TaS 2 , the out-plane thermal conductivity K c is set to be ~ 0.01 W/(cmK) (14), which is assumed as ten times smaller than the measured in-plane K ab ~ 0.1 W/(cmK) (32). To our sample with the dimension of ~ 780×23×6 µm, the temperature rise ∆T is thus calculated to be less than 0.05 K for the illuminating intensity 1W/cm 2 at various wavelengths in our measurement range. 
Ultrabroadband photoresponsivity operating at quasi-linear photoresponse conditions
The absolute responsivity is calculated by:
R fm = (I on -I dark ) / P
Where R fm is in unit of AW -1 , I on is the current under illumination, I dark is the dark current and P the incident light power, 
Noise characteristics of 1T-TaS 2 devices
The NEP is estimated by NEP = I n / R fm , where I n is the noise current in A·Hz -1/2 , R fm the responsivity in unit of AW -1 , and NEP in unit of W·Hz -1/2 . For evaluating NEP values, the noise current is extracted from the noise power spectra at frequency bandwidth of 50 Hz, and the photoresponsivities are estimated at the same frequency.
The noise power spectra are measured using home-made amplifiers and then digitized with a data acquisition card. A cross correlation algorithm is used to average out the instrument noise. Just battery and ballast resistors were used to avoid extra noises due to external circuit. The device is kept in a shielded dark enclosure. For NEP analysis, the noise power spectra were measured using home-made amplifiers and then digitized with a data acquisition card. A cross correlation algorithm is used to average out the instrument noise. Just battery and ballast resistors were used to avoid extra noises due to external circuit. The device is kept in a shielded dark enclosure when experiment.
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Temporal response of the device after the femtosecond pulse excitations
For temporal response analyses, pulsed femtosecond lasers at wavelengths λ = 800 nm (100 fs, 1.2 mJ/cm 2 ) and λ = 2.5 um (150 fs, 1 mJ/cm 2 ) with the repetition rate of 1KHz are provided as laser sources. The temporal electrical signals are recorded by an oscilloscope (Agilent Technologies DSO-X 3034A, the bandwidth is 350 MHz). The laser source is provided by a pulse femtosecond laser at λ = 2.5 μm (150 fs) with a repetition rate of 1 KHz. The temporal 'time-of-flight' response is recorded by an oscilloscope with a bandwidth of 350 MHz, for which a channel in 50 nm thickness and 30 μm length between the electrodes is used for measurement. Here, the contacts are patterned using electron beam photolithography. Given an applied bias below the threshold voltage, as shown in (C to E), the photoresponse rise time is recorded to be ~1.5 ns, which is limited by the time resolution of the oscilloscope electronics. After the pulse excitation, the photoexcited signal shows firstly a plateau lasting ~30 ns, then it shows a fast fall in another 30 ns followed by a slow
tail. The slow tail is found to be bias-dependent and get slower as the bias increasing. With the applied potential exceeding the threshold voltage, as shown in (F), there is no photoresponse detectable. 
